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(57) ABSTRACT

An image forming apparatus includes an apparatus body; a
printhead to discharge droplets; a sub tank to hold a liquid to
be supplied to the printhead for discharge as droplets; a mov-
able carriage for scanning, including the printhead and the
sub tank; a main tank to contain the liquid to be supplied to the
sub tank; a liquid supply pump, disposed on the carriage, to
supply the liquid from the main tank to the sub tank; a first
liquid supply tube that connects the main tank to the liquid
supply pump; and a second liquid supply tube that connects
the liquid supply pump to the sub tank. A fluid resistance of
the first liquid supply tube is greater than a fluid resistance of
the second liquid supply tube. The liquid supply pump
includes a deformable portion that shrinks and expands in a
carriage scanning direction, by scanning movement of the
carriage, to take the liquid in and pump the liquid out, and the
volume of liquid supplied to the sub tank being greater than
the volume of liquid supplied to the main tank when the liquid
supply pump supplies the liquid to the sub tank.

20 Claims, 18 Drawing Sheets
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IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority pursuant to 35
U.S.C. §119(a) from Japanese patent application number
2013-254857, filed on Dec. 10, 2013, the entire disclosure of
which is incorporated by reference herein.

BACKGROUND

1. Technical Field

Exemplary embodiments of the present invention relate to
an image forming apparatus, and more particularly, to an
image forming apparatus including a printhead to discharge
droplets.

2. Background Art

Among various types of image forming apparatuses,
including printers, facsimile machines, copiers, plotters, and
multifunction peripherals combining the capabilities of sev-
eral of these devices, an inkjet recording apparatus is known
in which a printhead formed of a liquid discharge head (drop-
let discharge head) to discharge droplets is employed.

In the thus-configured image forming apparatus, a liquid
supplying device includes a sub tank to temporarily reserve
the liquid to be supplied to the printhead, a main tank to
contain the liquid to be supplied to the sub tank, a liquid
supply tube communicating from the main tank to the sub
tank, and a pump to send the liquid from the main tank to the
sub tank.

Conventionally, a liquid driver is disposed at the main tank
in the liquid supply tube and is driven by the movement of the
printhead, so that the liquid can be supplied without providing
a dedicated drive source for the liquid driver.

However, because the liquid driver is disposed at the side of
the main tank, the liquid supply tube to the sub tank is long, so
that a greater pressure is required to supply liquid from the
main tank to the sub tank, thereby increasing the load on the
carriage on which the printhead is mounted.

SUMMARY

In one embodiment of the disclosure, there is provided an
improved image forming apparatus that includes an apparatus
body; a printhead to discharge droplets; a sub tank to hold a
liquid to be supplied to the printhead for discharge as drop-
lets; amovable carriage for scanning, including the printhead
and the sub tank; a main tank to contain the liquid to be
supplied to the sub tank; a liquid supply pump to supply the
liquid from the main tank to the sub tank; a first liquid supply
tube that connects the main tank to the liquid supply pump;
and a second liquid supply tube that connects the liquid sup-
ply pump to the sub tank. A fluid resistance of the first liquid
supply tube is greater than a fluid resistance of the second
liquid supply tube. The liquid supply pump includes a
deformable portion that shrinks and expands in a carriage
scanning direction, by scanning movement of the carriage, to
take the liquid in and pump the liquid out, and the volume of
liquid supplied to the sub tank being greater than the volume
of liquid supplied to the main tank when the liquid supply
pump supplies the liquid to the sub tank.

These and other objects, features, and advantages of the
present invention will become apparent upon consideration of
the following description of the preferred embodiments of the
present invention when taken in conjunction with the accom-
panying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B each are schematic views of a liquid
supply device according to a first embodiment of the present
invention;

FIG. 2 is aschematic view of aliquid supply device accord-
ing to a second embodiment of the present invention;

FIG. 3 is aschematic view of aliquid supply device accord-
ing to a third embodiment of the present invention;

FIGS. 4A and 4B are schematic explanatory views each
illustrating an operation of a liquid supply pump according to
the third embodiment of the present invention;

FIG. 5 is aschematic view of aliquid supply device accord-
ing to a fourth embodiment of the present invention;

FIG. 6 is a schematic view of aliquid supply device accord-
ing to a fifth embodiment of the present invention;

FIG. 7 is a schematic view of a sub tank in FIG. 6;

FIG. 8 is a schematic view of a liquid supply device illus-
trating a liquid supply position according to a sixth embodi-
ment of the present invention;

FIG. 9 is a schematic view of a liquid supply device illus-
trating a liquid supply position according to a seventh
embodiment of the present invention;

FIG. 10 is a flowchart of a liquid supply operation accord-
ing to an eighth embodiment of the present invention;

FIG. 11 is a flowchart of a liquid supply operation accord-
ing to a ninth embodiment of the present invention;

FIG. 12 is a schematic view of a liquid supply device
according to a tenth embodiment of the present invention;

FIG. 13 is a schematic view of the liquid supply device
illustrating a carriage position detection operation when ink
remains in residual ink amount detection operation according
to the tenth embodiment of the present invention;

FIG. 14 is a schematic explanatory view of the liquid
supply operation in the tenth embodiment of the present
invention;

FIG. 15 is a schematic explanatory view of the carriage
position detection operation of the tenth embodiment of the
present invention;

FIG. 16 is a schematic view of a liquid supply device
according to an eleventh embodiment of the present inven-
tion;

FIG. 17 is a schematic view of a liquid supply device
according to a twelfth embodiment of the present invention;

FIG. 18 is a schematic view of a liquid supply device
according to a thirteenth embodiment of the present inven-
tion;

FIG. 19 is a view explaining a relation between a contrac-
tion amount of a collapsible portion and a negative pressure;

FIG. 20 is an explanatory view of a residual ink amount and
the carriage position detected by a feeler;

FIG. 21 is a schematic explanatory view related to a four-
teenth embodiment of the present invention;

FIG. 22 is a schematic explanatory view related to a fif-
teenth embodiment of the present invention;

FIG. 23 A is a flowchart of a residual ink amount detection
operation according to the fifteenth embodiment of the
present invention;

FIG. 23B is a flowchart of a process successive to the
process of FIG. 23A;

FIG. 24 is a flowchart to explain memorization of the
carriage position for use in the residual ink amount detection
operation according to a sixteenth embodiment of the present
invention;

FIG. 25 is a flowchart of a residual ink amount detection
operation according to a seventeenth embodiment of the
present invention; and
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FIG. 26 is a flowchart of a residual ink amount detection
operation according to an eighteenth embodiment of the
present invention.

DETAILED DESCRIPTION

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to accompanying draw-
ings.

First, referring to FIGS. 1A and 1B, a first embodiment of
the present invention relative to an image forming apparatus
will be described.

FIGS. 1A and 1B are schematic views of a liquid supply
device incorporated in the image forming apparatus. The
present image forming apparatus includes a printhead 1
including a liquid discharge head and a carriage 3. A head
tank or sub tank 2 to reserve the liquid supplied to the print-
head 1 is mounted to the carriage 3. The carriage 3 moves
reciprocally back and forth laterally in what is hereinafter
referred to as a carriage scanning direction.

An ink cartridge 4 is a main tank to contain a liquid to be
supplied to the sub tank 2 and is detachably attached to a side
of the image forming apparatus, i.e., an apparatus body 10.

The carriage 3 incorporates a liquid supply pump 5 that
takes the liquid from the ink cartridge 4 and sends it to the sub
tank 2.

Afirstliquid supply tube 6 connects the liquid supply pump
5 with the ink cartridge 4. The ink cartridge 4 is provided with
an ink inlet 41, to which the first liquid supply tube 6 con-
nects.

A second liquid supply tube 7 connects the liquid supply
pump 5 with the sub tank 2.

The liquid supply pump 5 is a bellows-type pump and
includes a pump casing to contain the liquid in an interior
thereof, and is formed of a bellows portion 51 which is
expandably collapsible in the carriage scanning direction
(i.e., in the directions indicated by arrows A and B).

One edge of the bellows portion 51 of the liquid supply
pump 5 is attached to a fixed portion 52 mounted on the
carriage 3 and the other edge of the bellows portion 51 is
attached to a movable portion 53.

A contact 101 is disposed on the apparatus body 10. When
the carriage 3 moves in the direction of arrow A, the movable
portion 53 of the liquid supply pump 5 abuts and is pressed
against the contact 101.

When the carriage 3 moves in the direction of arrow A and
the movable portion 53 of the liquid supply pump 5 abuts the
contact 101 of the apparatus body 10 side and is pressed, the
movable portion 53 of the liquid supply pump 5 is pressed in
adirection opposite the direction indicated by arrow A, that is,
toward an arrow B direction, collapsing the bellows portion
51 and reducing an interior volume thereof to pump liquid out
of the liquid supply pump 5.

Then, when the carriage 3 moves reciprocally in the direc-
tion of arrow A and in the direction of arrow B, the movable
portion 53 of the liquid supply pump 5 separates from the
contact 101 on the apparatus body 10 side. With this structure,
the bellows portion 51 expands and the internal volume
increases, so that the liquid is drawn to the liquid supply pump
5.

Thus, the liquid supply pump 5, the bellows part of which
is collapsible by the scanning of the carriage 3, that is, the
bellows portion 51 herein, is deformed, so that the interior
volume changes and the liquid is expelled.

Herein, a fluid resistance of the first liquid supply tube 6
that connects the liquid supply pump 5 to the ink cartridge 4
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is larger than that of the second liquid supply tube 7 that
connects the liquid supply pump 5 to the sub tank 2.

Herein, the first liquid supply tube 6 and the second liquid
supply tube 7 are both formed of the same tube and the
cross-sectional areas of the both in the direction perpendicu-
lar to the direction in which the liquid flows are the same or
substantially the same. Further, the first liquid supply tube 6 is
longer than the second liquid supply tube 7, and the fluid
resistance of the first liquid supply tube 6 is larger than that of
the second liquid supply tube 7.

In this case, by mounting the liquid supply pump 5 to the
carriage 3, the first liquid supply tube 6 is made longer than
that of the second liquid supply tube 7 so that the fluid resis-
tance of the first liquid supply tube 6 is greater than that of the
second liquid supply tube 7.

Accordingly, when the carriage 3 is scanned in the direc-
tion of arrow A as illustrated in FIG. 1A, the movable portion
53 of the liquid supply pump 5 abuts and is pressed against the
contact 101 on the apparatus body 10 as illustrated in FIG. 1B.

When the carriage 3 further moves in the direction of arrow
A, the movable portion 53 moves to the direction opposite the
direction indicated by arrow A, the bellows portion 51 con-
tracts and the interior volume thereof is reduced, so that the
liquid is sent out from the interior of the liquid supply pump
5 to the sub tank 2.

In this case, because the fluid resistance of the first liquid
supply tube 6 is larger than that of the second liquid supply
tube 7, the volume of liquid supplied to the sub tank 2 to
which the second liquid supply tube 7 connects becomes
larger than the volume of liquid supplied of the ink cartridge
4 or the main tank.

Herein, the volume of ink to be supplied to the sub tank 2
needs to be more than the amount discharged from the print-
head 1 while the carriage moves to-and-fro once. Accord-
ingly, pressure to supply a predetermined volume of liquid
from the liquid supply pump 5 to the sub tank 2 is required.

The pressure to supply a predetermined volume of liquid is
different depending on the fluid resistance of the supply tube
through which the liquid is supplied. As the fluid resistance of
the supply tube increases, the pressure to supply the liquid
needs to be increased; however, if the fluid resistance is mini-
mal, the pressure may be small.

Here, the fluid resistance of the supply tube becomes
smaller when the cross-sectional area of the supply tube is
larger or the length of the supply tube is shorter.

However, when the cross-sectional area of the supply tube
is larger, because the ink inside the supply tube does not exert
enough tension over an internal periphery of the supply tube,
a meniscus is not formed sufficiently. If the meniscus is not
formed, a layer mixed with air and ink is formed inside the
supply tube. The air inside the supply tube is kept in the
supply tube, and causes the ink inside the supply tube to be
viscous or coagulate.

In addition, when the air kept in the supply tube expands or
contracts due to changes in the temperature around the image
forming apparatus, pressure inside the supply tube changes,
thereby causing an ink leakage from the discharge head or air
to be mixed in the supply tube.

In addition, when the cross-sectional area of the supply
tube is large, the ink is not supplied uniformly in the same
direction and disturbed flows occur, thereby degrading liquid
supply efficiency.

As a result, increasing the cross-sectional area of the sup-
ply tube to reduce the fluid resistance has its own limits.

In the present embodiment, however, by mounting the lig-
uid supply pump 5 on the carriage 3, the fluid resistance of the
second liquid supply tube 7 formed with a supply tube from
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the liquid supply pump 5 to the sub tank 2 can be reduced
compared to a case in which the liquid supply pump 5 is
mounted to the side of the apparatus body 10.

With this structure, a predetermined volume of liquid can
be supplied with a small amount of pressure and accordingly
the load on the carriage when supplying liquid during the
carriage scanning can be reduced. Further, the problem of ink
leakage from the liquid supply tube to the outside the image
forming apparatus when the liquid expelling pressure is large,
thereby damaging the image forming apparatus, is solved.

Next, referring to FIG. 2, a second embodiment of the
present invention will be described. FIG. 2 is a schematic
view of the image forming apparatus.

In the second embodiment, a piston pump is used as a
liquid supply pump 5. One opening of the liquid supply pump
5 in the carriage scanning direction of a pump casing 54 is
closed by a wall portion 55 which is collapsible in the main
scanning direction. The pump casing 54 serves as a liquid
container. A rod 56 serves as a pressing member. The rod 56
is mounted to the wall portion 55, and a restoring spring 57 to
press the rod 56 outwards is disposed.

The liquid supply pump 5 is configured such that, when the
carriage 3 scans, the rod 56 abuts the contact 101 on the
apparatus body 10 and is pressed against it, so that the rod 56
is depressed. As a result, the wall portion 55 is pressed to an
interior of the pump casing 54, and an internal volume
declines and the liquid inside the pump casing 54 is expelled.

When the carriage 3 further moves to scan in the direction
opposite the direction indicated by arrow A, the contact 101
on the apparatus body 10 and the rod 56 are separated, the
restoring spring 57 moves to expand the internal volume, and
the liquid is drawn into the pump casing 54.

With this configuration as well, the same effect as that of
the first embodiment can be obtained.

Next, a third embodiment according to the present inven-
tion will be described with reference to FIGS. 3 and 4.

FIG. 3 is a schematic explanatory view illustrating the third
embodiment; and FIGS. 4A and 4B are schematic explana-
tory views each illustrating an operation of the liquid supply
pump.

The liquid supply pump 5 of the third embodiment includes
a twisted portion 58, which is twisted in an initial state and
formed in a contracted state but is expandably collapsible
when extended. The twisted portion 58 includes a fluid pas-
sage 58a to allow passage of fluid therethrough. A movable
portion 53 to also serve as a pressing portion is disposed at one
end of the twisted portion 58, and a fixed portion 52 is dis-
posed at the other end thereof.

The liquid supply pump 5 is configured such that, when the
movable portion 53 does not abut a contact 102 on the appa-
ratus body 10 as illustrated in FIG. 4A, the twisted portion 58
is twisted due to the resilience force and the fluid passage 58a
is closed (see a mark x in FIG. 4A).

When the carriage 3 scans in the direction of arrow B as
illustrated in FIG. 4A, the movable portion 53 of the liquid
supply pump 5 abuts and is pressed against the contact 102 on
the apparatus body 10. Due to a further scan of the carriage 3,
as illustrated in FIG. 4B, the twisted portion 58 extends, the
fluid passage 58a inside the twisted portion 58 is released, and
ink is drawn into the fluid passage 58a.

Thereafter, when the carriage 3 scans in the direction oppo-
site the arrow B direction, the movable portion 53 separates
from the contact 102 on the apparatus body 10 and contracts
to an initial twisted state, and the ink inside the fluid passage
58a is sent out toward the sub tank 2.
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Specifically, in the present embodiment, when the twisted
portion 58 first extends and contracts afterward, liquid can be
fed out.

With this configuration as well, the same effect as that of
the first embodiment can be obtained.

Next, referring to FIG. 5, a fourth embodiment of the
present invention will be described.

FIG. 5 is a schematic view of the liquid supply device
according to a fourth embodiment of the present invention. In
the present embodiment, a one-way valve 8 is disposed on the
second liquid supply tube 7 communicating the liquid supply
pump 5 with the sub tank 2. The one-way valve 8 stops
passage of the liquid from the sub tank 2 to the liquid supply
pump 5. A first liquid supply tube 6 and connects the liquid
supply pump 5 with the ink cartridge 4, does not include a
one-way valve.

With this structure, reverse passage of the liquid that has
been sent to the sub tank 2 is prevented from returning to the
liquid supply pump 5 due to the difference in the fluid resis-
tance between the first liquid supply tube 6 and the second
liquid supply tube 7, thereby making pumping more effective.

In this case, the one-way valve need not be provided to the
first liquid supply tube 6 because the liquid supply is per-
formed using the difference in the fluid resistance between the
first liquid supply tube 6 and the second liquid supply tube 7
by increasing the fluid resistance of the first liquid supply tube
6.

Next, a fifth embodiment of the present invention will be
described with reference to FIGS. 6 and 7. FIG. 6 is a sche-
matic explanatory view illustrating the fifth embodiment; and
FIG. 7 is a schematic explanatory view illustrating a sub tank.

The sub tank 2 of the present embodiment includes an
automatic valve. The automatic valve automatically opens or
closes corresponding to an increase of an inside negative
pressure due to liquid or ink consumption by the printhead 1
and a decrease of an inside negative pressure due to a liquid or
ink supply.

Specifically, as illustrated in FIG. 7, the sub tank 2 includes
a main pressure chamber 121 communicating to the second
liquid supply tube 7 and a negative pressure chamber 122
separated from the main pressure chamber 121 via a partition
123 and communicating to the printhead 1. Then, a part of the
partition 123 is provided with an automatic valve 124 that
connects or separates the positive pressure chamber 121 and
the negative pressure chamber 122.

The automatic valve 124 opens when ink is discharged
from the printhead 1, the ink amount inside the sub tank 2 is
reduced, the negative pressure inside the negative pressure
chamber 122 increases, and the ink amount becomes less than
a predetermined ink amount, that is, when the negative pres-
sure inside the negative pressure chamber 122 becomes more
than a predetermined pressure amount. When the automatic
valve 124 opens, ink flows from the positive pressure cham-
ber 121 with a higher positive pressure than the negative
pressure chamber 122, to the negative pressure chamber 122
and the negative pressure in the negative pressure chamber
122 decreases. As a result, the ink amount in the negative
pressure chamber 122 exceeds a predetermined ink amount,
that is, the negative pressure is reduced to less than a prede-
termined pressure, the automatic valve 124 closes.

In this case, even after the automatic valve 124 opens, ink
is not supplied and ink discharge continues, and the ink
amount inside the sub tank 2 becomes less than a predeter-
mined lower limit. When the ink amount inside the sub tank 2
becomes less than the predetermined lower limit, the negative
pressure in the negative pressure chamber 122 becomes high
and air is drawn from the nozzle of the printhead 1, thereby
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causing defective discharge or ink leakage. As a result, cau-
tion should be paid lest the ink amount inside the sub tank 2
becomes less than the predetermined lower limit.

As illustrated in FIG. 6, the image forming apparatus
according to the fifth embodiment includes a plurality of sub
tanks 2A, and 2B each having an automatic valve 124, and a
plurality of liquid supply pumps 5A, and 5B to pump liquid to
the plurality of sub tanks 2A, and 2B.

In addition, a contact 101 to which each movable portion
53 of the plurality of liquid supply pumps SA, and 5B is
pressed, is disposed on the apparatus body 10.

Herein, suppose that one sub tank 2A contains ink more
than the predetermined ink amount and the automatic valve
124 thereof'is closed, and that the other sub tank 2B contains
ink less than the predetermined ink amount and the automatic
valve 124 is open.

In this state, when the carriage 3 moves to scan, each
movable portion 53 of the liquid supply pumps 5A, and 5B
abuts the contact 101 and pressed. In this state, ink is supplied
from the liquid supply pump 5B of the sub tank 2B with the
automatic valve 124 open, to the sub tank 2B, and ink is
further sent from the liquid supply pump SA of the sub tank
2A side with the automatic valve 124 closed, to the ink car-
tridge 4.

With the structure having the sub tanks each having an
automatic valve and without a one-way valve on the supply
tube between the main tank and the liquid supply pump, a
plurality of quid supply pumps is simultaneously driven
regardless of ink amount inside the sub tank.

With this structure, there is no need of providing a plurality
of contacts disposed on the apparatus body 10 to drive an
individual liquid supply pump, and the drive unit of the liquid
supply pump is implemented by a simple structure.

Next, referring to FIG. 8, a sixth embodiment ofthe present
invention will be described. FIG. 8 is a schematic explanatory
view of the liquid supply device illustrating a liquid supply
position according to the sixth embodiment of the present
invention;

When liquid supply operation is performed by pressing the
movable portion 53 of the liquid supply pump 5 disposed on
the carriage 3 toward the contact 101 of the side of the appa-
ratus body 10, there is a possibility that the pressure of the
movable portion 53 of the liquid supply pump 5 may
adversely affect the operation of the carriage 3 under scan-
ning movement.

Then, the movable portion 53 of the liquid supply pump 5
is pressed toward the contact 101 of the apparatus side at a
non-print area (where the to-be-recorded medium is not
opposed) during the liquid supply operation

With this structure, even though the carriage 3 moves unre-
liably when the movable portion 53 of the liquid supply pump
5 is pressed toward the contact 101 of the side of the apparatus
body 10, which does not adversely affect the image quality.

Next, referring to FIG. 9, a seventh embodiment of the
present invention will be described. FIG. 9 is a schematic
explanatory view of the liquid supply device illustrating a
liquid supply operation according to the seventh embodiment
of the present invention.

In the sixth embodiment described above, if the liquid
supply operation is performed such that the carriage 3 scans to
move up to the non-print area in each and every scanning
operation, even though the liquid supply operation is per-
formed, there occurs a case in which ink is not supplied to the
sub tank 2 having an automatic valve 124 according to the
fifth embodiment.

For example, when an image with an image size narrower
than the width of the print area and a low coverage rate that
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can be printed with a small amount of ink is printed, the ink
amount to be discharged from the printhead 1 during one
reciprocal movement of the carriage 3 is small.

In this case, even when the liquid supply operation can be
performed, if the ink amount inside the sub tank 2 is sufficient
and exceeds the predetermined amount, the liquid supply
operation to move the carriage 3 to the non-print area is
useless because the automatic valve 124 of the sub tank 2 is
closed.

Accordingly, in the seventh embodiment, a consumed
amount measuring device is disposed, which measures a con-
sumed amount of the liquid in the sub tank 2 based on the
droplet discharge amount from the printhead 1.

The measuring device measures the discharged ink amount
during the carriage 3 scans, and when the consumed amount
of'the liquid exceeds the predetermined amount based on the
measurement result, the carriage 3 is caused to scan and the
liquid supply operation is performed.

For example, when the consumed amount of the liquid
discharged from the printhead 1 during the carriage 3 scans is
less than the predetermined amount, that is, the residual ink
amount inside the sub tank 2 is more than the predetermined
residual amount, as illustrated in FI1G. 9, without moving the
carriage 3 until the movable portion 53 of the liquid supply
pump 5 abuts the contact 101 on the apparatus body 10 side,
and without performing the liquid supply operation, the print-
ing operation continues.

By contrast, when the consumed amount of the liquid
discharged from the printhead 1 during the carriage 3 scans is
more than the predetermined amount, that is, the residual ink
amount inside the sub tank 2 is less than the predetermined
residual amount, the carriage 3 is allowed to move to the
non-print area and ink is replenished in the sub tank 2 by
performing the liquid supplying operation.

Thus, only when the ink supply is required, the carriage is
allowed to move to the non-print area and perform the ink
supply operation, so that an efficient image forming operation
can be performed.

Next, an eighth embodiment according to the present
invention will be described with reference to FIG. 10. FIG. 10
is a flowchart of a liquid supply operation according to the
eighth embodiment of the present invention.

In the eighth embodiment, before starting to form an
image, an ink discharge amount required to form an image is
previously calculated based on image data (in Step S11).

Then, the predetermined discharge amount (that is, the
accumulated discharge amount) during the carriage scanning
from the start of printing to a state in which a liquid supply
operation becomes possible, that is, the carriage 3 is moved to
scan up to the position where the movable portion 53 of the
liquid supply pump 5 presses the contact 101 on the apparatus
body 10 (S12).

Thereafter, whether or not the accumulated discharge
amount exceeds the threshold amount is determined (S13).

Herein, if the accumulated discharge amount is not more
than the threshold amount (NO in S13), the accumulated
discharge amount until the next liquid supply/supplying
operation becomes possible is calculated (S14).

Then, whether the printing ends or not before the next
liquid supply operation becomes possible is determined
(S15). If the printing does not end before the next liquid
supply operation becomes possible (NO in S15), the process
returns to Step S13 in which it is determined whether or not
the accumulated discharge amount exceeds the threshold
amount. By contrast, if the printing ends before the next liquid
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supply operation becomes possible (YES in S15), the timing
of the liquid supply operation is stored in memory (S16) and
the process ends.

On the other hand, when the accumulated discharge
amount exceeds the threshold amount (YES in S13), the
liquid supply operation is performed or the liquid supply
operation is predetermined (S17). Then, the accumulated,
predetermined discharge amount is reset (S18). The predeter-
mined discharge amount from the start of the liquid supply
operation until the next possible liquid supply operation is
calculated (S19), and the process returns to the Step S13 in
which it is determined whether or not the predetermined
accumulated discharge amount exceeds the threshold
amount.

Specifically, in the present embodiment, the residual ink
amount inside the sub tank 2 at a time when the carriage 3
scans to move to a position where the liquid supply operation
is possible, is forecasted, and the timing to perform the liquid
supply operation is determined.

For example, if the predetermined, accumulated discharge
amount while the carriage 3 scans to move, from the start of
printing, to a position where the liquid supply operation is
performed, is more than the threshold amount, the liquid
supply operation is performed.

Herein, the threshold ink amount means a dischargeable
ink amount that is not less than the predetermined lower limit
of the ink amount. If the ink amount is below the predeter-
mined lower limit, when the ink is discharged, the negative
pressure inside the sub tank 2 increases greatly due to ink
consumption inside the sub tank 2, so that air mixes in from
the nozzle.

In addition, even when the predetermined, accumulated
discharge amount is less than the threshold ink amount, the
liquid supply operation is performed when the accumulated
predetermined discharge amount discharged during the car-
riage to-and-fro scanning movement until the next liquid
supply operation becomes possible, is more than the thresh-
old ink amount.

After the liquid is supplied in the liquid supply operation,
the accumulated predetermined discharge amount until
implementation of the liquid supply operation is reset, and
again, the predetermined discharge amount to be discharged
during the to-and-fro scanning movement until the next liquid
supply operation becomes possible is calculated. When the
calculated predetermined discharge amount is more than the
threshold ink amount, the liquid supply operation is per-
formed after the next to-and-fro scanning movement.

It is noted that, before the start of the printing operation,
every timing of the liquid supply operation during the printing
can be determined in advance; or alternatively, the timing of
the liquid supply operation can be determined during print-
ing.

Next, a ninth embodiment according to the present inven-
tion will be described with reference to FIG. 11. FIG. 11 is a
flowchart of a liquid supply operation according to the ninth
embodiment of the present invention.

In the present embodiment, the liquid supply operation is
performed regardless of the ink amount inside the sub tank 2
after printing operation. For example, the liquid supply opera-
tion is performed until the automatic valve 124 of the sub tank
2 closes in which the ink in the sub tank 2 is full, and the
printing operation starts from a state in which the sub tank 2
is full of ink (S28).

Or alternatively, as in Step S21 as illustrated by a broken
line, the printing operation is set to start after performing the
liquid supply operation before the start of printing.
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With this configuration, any time the printing operation is
started, the sub tank 2 is full of ink constantly. Steps from S22
to S27, and S29 to 31 are the same as the Steps from S11 to
S16, and S17 to 19, respectively, so that the redundant
description will be omitted.

Next, a tenth embodiment according to the present inven-
tion will be described with reference to FIG. 12. FIG. 12 is a
schematic view of the liquid supply device in the image
forming apparatus according to the tenth embodiment of the
present invention.

The present embodiment enables the apparatus to detect a
residual ink amount inside the main tank.

Specifically, alinear encoder 90 including an encoder sheet
91 and an encoder sensor 92 to read out the encoder sheet 91
is disposed along the moving direction of the carriage 3, so
that the linear encoder 90 is configured to detect a position of
the carriage 3.

In addition, the movable portion 53 of the liquid supply
pump 5 includes a pressing portion 53a that presses the con-
tact 101 on the apparatus body 10, and a feeler 151.

On the other hand, on the side of the apparatus body 10, a
feeler sensor 103 to detect the feeler 151 of the liquid supply
pump 5 is disposed.

Next, the residual ink amount detection operation accord-
ing to the tenth embodiment will be described with reference
to FIGS. 13 through 15. FIG. 13 is a schematic view of the
liquid supply device illustrating a carriage position detection
operation when ink remains; FIG. 14 is a schematic view
illustrating the liquid supply operation; and FIG. 15 is also a
schematic view illustrating the carriage position detection
operation.

As illustrated in FIG. 13, when the ink inside the ink
cartridge 4 remains sufficiently, the carriage 3 moves in the
direction of an arrow A. Then, a position of the carriage
(hereinafter, “a carriage position Pa”) when the feeler sensor
103 detects the feeler 151 of the liquid supply pump 5 is
detected by the linear encoder 90, and the carriage position Pa
is stored in the internal memory means.

In the present embodiment, when the residual ink amount
is enough, the liquid supply operation is performed once and
the carriage 3 is moved in the direction of an arrow B that is
opposite the direction indicated by arrow A, and thereafter,
the carriage 3 is moved in the direction of arrow A again and
the carriage position Pa is detected.

Accordingly, when the carriage 3 is scanned in the direc-
tion of arrow A as illustrated in FIG. 14, the movable portion
53 of the liquid supply pump 5 abuts and is pressed against the
contact 101 on the apparatus body 10. With this structure, the
movable portion 53 moves and the bellows portion 51 con-
tracts, so that the ink is supplied out.

Thereafter, when the carriage 3 is moved in the direction of
arrow B opposite the direction indicated by arrow A, the
pressing portion 53a of the movable portion 53 of the liquid
supply pump 5 separates from the contact 101 attached to the
apparatus body 10, so that the contracted bellows portion 51
of the liquid supply pump 5 tends to return to its original
shape.

In this time, as to the sub tank 2 configured to include an
automatic valve 124 as described above, the automatic valve
124 is closed due to the liquid supply operation even when the
bellows portion 51 tends to return to its original shape, the ink
is not drawn from the sub tank 2 but from the ink cartridge 4,
and the bellows portion 51 returns to its original shape.

Similarly, as to the sub tank 2 according to the fourth
embodiment, the one-way valve 8 is disposed on the second
liquid supply tube 7 communicating the liquid supply pump 5
with the sub tank 2. The one-way valve 8 stops passage of the
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liquid from the sub tank 2 to the liquid supply pump 5, so that
the bellows portion 51 returns to its original shape by drawing
the ink from the ink cartridge 4.

As described above, after the liquid supply operation, when
the carriage 3 scans in the direction of arrow B separating
from the contact 101 on the apparatus body 10, the contracted
bellows portion 51 returns to its original shape.

However, if there is no residual ink inside the ink cartridge
4, ink is not drawn into the liquid supply pump 5, so that the
bellows portion 51 remains contracted and does not return to
its original shape.

Then, after the carriage 3 moves back in the direction of
arrow B after the liquid supply, when the carriage 3 moves
again in the direction of arrow A as illustrated in FIG. 15, the
feeler sensor 103 detects the feeler 151 of the liquid supply
pump 5 at a carriage position nearer to the contact 101 on the
apparatus body 10 than the stored in memory carriage posi-
tion Pa. The carriage position of the carriage 3 detected by the
encoder 90 is referred to as a “carriage position Pb.”

Specifically, a displacement amount or an amount of
change between the stored in memory carriage position Pa
when there is residual ink in the ink cartridge 4 and the
carriage position Pb after the ink has been consumed is cal-
culated, the change amount is compared with a predetermined
threshold amount corresponding to a state in which there is no
ink, so that no residual ink state can be detected.

As described above, in the present embodiment, whether or
not a collapsible portion of the liquid supply pump expands
after the liquid supply operation is performed by contracting
the collapsible portion of the liquid supply pump, is detected
by the variation of the amount of change between the carriage
position Pa at a time or normal recovery and the carriage
position Pb detected after the liquid supply operation by the
liquid supply pump has been performed, that is, after the
liquid has been consumed, thereby detecting the residual
liquid amount inside the main tank.

As a result, when the carriage position Pa when the feeler
sensor detects the feeler is detected as a state in which there is
residual ink in the main tank and is stored in memory, the
carriage position Pa is preferably detected and stored in
memory after the pressing portion 53a of the liquid supply
pump 5 is pressed to the contact 101 on the apparatus body 10
and the liquid is sent once.

In addition, in the present embodiment, the feeler sensor
103 can be disposed at any position within the carriage scan-
ning area. However, the time to take from when the bellows
portion 51 is contracted after the pressing portion 53a of the
liquid supply pump 5 is pressed to the contact 101 on the
apparatus body 10 to when the bellows portion 51 returns to
its original shape, needs to be considered. As illustrated in
FIG. 12, the feeler sensor 103 is preferably disposed at a
position detectable of the feeler 151 before the pressing por-
tion 53a of the liquid supply pump 5 is pressed to the contact
101 on the apparatus body 10.

In addition, it is configured such that the carriage position
Pa in a state in which there is residual ink inside the main tank
is detected and stored in memory when the main tank is
replaced with a new one.

In addition, there is the one applied with a structure in
which a consumed amount of the liquid discharged from the
printhead is calculated by counting a number of droplets,
multiplying the number of droplets by each droplet amount,
and by accumulating the possible ink amount to be consumed
in the maintenance, and the like, and the liquid consumption
is stored in the memory means of the main tank.

In this case, when it is determined that the calculated
residual ink amount inside the main tank considering the
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accumulated error amount is larger than a near-end state, to be
described later, it is considered that the residual ink amount is
enough and the carriage position at that time is stored in
memory as the carriage position Pa when there is ink remain-
ing in the main tank.

Next, referring to FIG. 16, an eleventh embodiment of the
present invention will be described. FIG. 16 is a schematic
view of the liquid supply device in the image forming appa-
ratus according to the eleventh embodiment of the present
invention.

The present embodiment is based on the tenth embodiment
that is applied to a structure implemented in the second
embodiment using a piston pump, and the feeler 151 is dis-
posed at the rod 56.

With this configuration as well, the same effect as that of
the tenth embodiment can be obtained.

Next, a twelfth embodiment according to the present inven-
tion will be described with reference to FIG. 17. FIG. 17 is a
schematic view of the liquid supply device in the image
forming apparatus according to the twelfth embodiment of
the present invention.

The present embodiment is based on the tenth embodiment
that is applied to a structure implemented in the fourth
embodiment employing the one-way valve 8.

With this configuration as well, the same effect as that of
the tenth embodiment can be obtained.

Next, referring to FIG. 18, a thirteenth embodiment of the
present invention will be described. FIG. 18 is a schematic
view of the liquid supply device in the image forming appa-
ratus according to the thirteenth embodiment of the present
invention.

The present embodiment enables the apparatus to detect
both an ink-empty status and a ink-low status.

After supplying liquid by deforming the collapsible por-
tion (i.e., the bellows portion 51) of the liquid supply pump 5,
the negative pressure that is generated when the collapsible
portion returns to its original shape varies corresponding to a
contraction amount as illustrated in FIG. 19. Specifically, the
negative pressure or suction force is greater in the most con-
tracted state (that is, the contraction amount is large), and the
negative pressure or suction force gradually is weakened as
the collapsible portion comes near to the extended state as a
restored state (that is, the contraction amount is small).

In this case, when the residual ink amount inside the main
tank declines and as the negative pressure inside the main tank
increases, it gradually becomes more difficult for the collaps-
ible portionto draw ink from the contracted state and return to
the extended state.

As illustrated in FIG. 20, a carriage position Pc is an ink-
low position having a change amount from the carriage posi-
tion Pa representing that there is residual ink, of a first thresh-
old amount L1, and the carriage position Pb is an ink-empty
position having a change amount from the carriage position
Pa, of a second threshold amount 1.2 (.2>1.1).

As a result, both the ink-empty status and the near-end
status can be detected.

Next, referring to FIG. 21, a fourteenth embodiment of the
present invention will be described. FI1G. 21 is an explanatory
view for explaining the fourteenth embodiment of the present
invention.

The present embodiment enables the apparatus to set and
memorize the carriage position Pa with residual ink inside the
main tank, even though it is not clear how much ink remains
in the main tank.

Operation to detect the carriage position when the feeler
sensor 103 detects the feeler 151 is repeatedly performed
during the image forming operation, and the carriage position
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is detected by a predetermined number of times. Then, it is
determined whether or not a maximum change amount of the
carriage position detected by the predetermined number of
times is equal to or less than a third threshold amount [.3 that
is less than the predefined first threshold amount [.1 corre-
sponding to the near-end status.

Then, it is determined that the maximum change amount of
the carriage position detected by the predetermined number
of'times is equal to or less than the third threshold amount L3,
any one of the carriage positions detected by the predeter-
mined number of times is stored in memory as the carriage
position Pa with the residual ink inside the main tank.

The third threshold amount L3 at that time is used as the
amount obtained by considering the positional detection error
of'the carriage, feeler detection error, and individual variation
of the extension/contraction operation of the collapsible por-
tion.

With this configuration, the carriage position Pa with
residual ink to be used as a reference in detecting the residual
ink amount can be set and stored in memory, even though it is
not clear how much ink remains in the main tank.

Next, referring to FIG. 22, a fifteenth embodiment of the
present invention will be described. FIG. 22 is a schematic
view of the liquid supply device in the image forming appa-
ratus according to the fifteenth embodiment of the present
invention.

The present embodiment employs a temperature sensor
104 as a temperature/humidity sensor to detect temperature
and humidity of the image forming apparatus.

Next, the residual ink amount detection operation accord-
ing to the fifteenth embodiment will be described referring to
flowcharts of FIGS. 23A and 23B.

First, referring to FIG. 23A, the carriage 3 scans in the
to-and-fro direction (in the direction of arrow A as illustrated
heretofore) (in Step S41), and the liquid supply pump 5 is
pressed against the contact 101 on the apparatus body 10, to
thus supply liquid (S42). Thereafter, the carriage 3 scans in
the returning direction (in the direction of arrow B as
described above) (S43). Then, the carriage 3 scans in the
forwarding direction (S44), and the carriage position when
the feeler sensor 103 detects the feeler 151 is detected (S45,
S46).

Thereafter, it is determined whether or not the residual ink
amount is present in the main tank can be determined from the
data stored in memory in the memory means of the main tank
(that is, the ink cartridge 4) (S47).

When it is not determined that the residual ink amount is
present (NO in S47), the detected carriage position is stored in
memory (S52), and it is determined whether or not the car-
riage position is stored in memory by a predetermined num-
ber of times (S53). If the carriage position is not stored in
memory by the predetermined number of times (NO in S53),
the process returns to S42 in which the liquid supply pump 5
is pressed against the contact 101 on the apparatus body 10, to
thus supply liquid (S42).

When the carriage position is stored in memory by the
predetermined number of times (YES in S53), whether or not
displacement amounts of the carriage positions detected by
the predetermined number of times are equal to or less than
the third threshold amount is determined (S54).

Herein, when the carriage positions detected by the prede-
termined number of times are not the same, it is determined to
be the ink-empty status (S55), and the process ends.

By contrast, when the carriage positions detected by the
predetermined number of times are the same (YES in 54), the
process moves on to a process in which the residual ink
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amount is present in the main tank from the data stored in
memory in the memory means of the main tank.

Then, when it can be determined that the residual ink
amount is present (YES in S47), the detected carriage posi-
tion is stored in memory as the carriage position where the ink
remains (S48).

Thereafter, the temperature sensor 104 detects a tempera-
ture and the detected temperature is stored in memory as a
detection environment (S49).

Theliquid supply pump 5 is pressed against the contact 101
on the apparatus body 10 (S50) to supply liquid, and the
carriage 3 moves to scan in the returning direction (S51).

Then, the process moves to a process as illustrated in FI1G.
23B, whether or not the image forming operation ends is
detected (S61), and if YES in S61, the process ends.

On the other hand, if the image forming operation does not
end (NO in S61), the carriage 3 scans in the forwarding
direction (862), and the carriage position when the feeler
sensor 103 detects the feeler 151 is detected (S63, S64).

Then, whether the difference between the temperature
obtained by the temperature sensor 104 and the stored in
memory one is equal to or more than the predetermined
temperature difference (S65) is determined.

In this case, if the difference between the detected tempera-
ture and the stored in memory temperature is higher than the
predetermined temperature difference (YES in S65), the pro-
cess returns to S47 in which whether or not the residual ink
amount is present in the main tank can be determined from the
data stored in memory in the memory means of the main tank
(S47).

By contrast, when the difference between the detected
temperature and the stored in memory temperature is not
higher than the predetermined temperature difference (NO in
S65), whether or not the difference/variation between the
stored in memory carriage position and the detected carriage
position is larger than the first threshold is determined (S66).

If the variation is larger than the first threshold (YES in
S66), it is determined that the status is when the ink nearly
ends (S71).

By contrast, when the variation is not larger than the first
threshold (NO in S66), whether or not the variation is larger
than the second threshold is determined (S67).

Then, if the variation is larger than the second threshold
(YES in S67), it is determined that the status is when the ink
runs out (S72).

On the other hand, if the variation is not larger than the
second threshold (NO in S67), the liquid supply pump 5 is
pressed against the contact 101 on the apparatus body 10
(S68), and the carriage 3 moves to scan in the returning
direction (S69).

Then, whether the image forming operation ends or not is
determined (S70). Then, when the image forming operation
does not end (NO in S70), the process returns to a process in
Step S62 and the carriage 3 scans in the forwarding direction
(S62). When the image forming operation ends (YES in S70),
the process ends.

Specifically, in the present embodiment, the image forming
apparatus includes a temperature sensor. When it is deter-
mined that the liquid remains in the main tank, and the tem-
perature detected by the temperature sensor when the carriage
position is detected by the feeler sensor detecting the feeler is
stored in memory, and thereafter, when a predetermined tem-
perature difference is detected from the detected temperature
stored in memory during the image forming operation, the
carriage position is again stored in memory when, by the
feeler sensor detecting the feeler, it is determined that the
residual ink is present.
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With this structure, the detection error due to variations in
the collapsible amount of the collapsible portion due to
changes in the environmental temperature can be reduced.

Next, referring to FIG. 24, a sixteenth embodiment of the
present invention will be described. FIG. 24 is a flowchart to
explain memorization of the carriage position for use in the
residual ink amount detection operation according to a six-
teenth embodiment of the present invention.

In the present embodiment, operation to obtain the carriage
position when residual ink is present is started (S81), the
carriage 3 scans in the forwarding direction (S82), and the
liquid supply pump 5 is pressed against the contact 101 on the
apparatus body 10, to thus supply liquid (S83). Thereafter, the
carriage 3 scans in the returning direction (S84). Then, the
carriage 3 scans in the forwarding direction (S85), and the
carriage position when the feeler sensor 103 detects the fecler
151 is detected (S86, S87).

Then, whether the carriage speed is high or low is deter-
mined (S88). If the carriage speed is high (see HIGH
SPEED), the carriage position is stored in memory as a state
in which theresidual ink is present at a high speed (S89). If the
carriage speed is low (see LOW SPEED), the carriage posi-
tion is stored in memory as a state in which the residual ink is
present at a low speed (S90).

Specifically, due to changes in the printing conditions in
the image formation such as the carriage scanning speed and
the carriage scanning area, the carriage to-and-fro scanning
time changes. In such a case, a control to change the first
threshold amount or the second threshold amount is needed.

For example, when the carriage scanning speed is different
between the high speed and the low speed, the time to take in
which the carriage scans one round is shorter when the car-
riage scanning speed is high than when the carriage scanning
speed is low after the liquid supply pump is pressed against
the contact on the apparatus body. Then, the time to detect that
the collapsible portion returns to its original shape from the
contracted state becomes shorter. Thus, the carriage position
detected by the feeler sensor to detect the feeler is different
depending on the carriage scanning speed of “high speed”
and “low speed.”

A proper determination can be performed as follows: the
carriage positions different from the “high speed” and the
“low speed” are stored in memory in relation to the carriage
moving speed, and the variations of the carriage position
during the image formation is determined based on the car-
riage positions corresponding to the high and low speeds,
respectively.

Then, the time to detect whether or not the collapsible
portion returns to its original shape from the contracted state
becomes shorter and the displacement distance becomes
shorter when the carriage speed is high compared to when the
carriage speed is low. Thus, the change in the carriage posi-
tion detected by the feeler sensor to detect the feeler becomes
smaller in the “high speed” than the “low speed.”

Thus, the first threshold to determine that the ink nearly
ends and the second threshold to determine that the ink runs
out are preferably set to different values.

As to the first threshold and the second threshold, for
example, if there is provided a control to change the distance
to press against the contact on the apparatus body, that is, the
deformation amount of the collapsible portion, it is preferred
that the carriage position stored in memory as a state in which
there is residual ink inside the main tank, the first threshold
amount, and the second threshold amount be changed.

Specifically, for example, in forming images, the ink
amount discharged from the printhead during one reciprocal
scanning movement of the carriage is previously calculated,
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and, ifitis determined that the ink amount to be supplied from
the liquid supply pump to the sub tank may be small, the
deformation amount of the collapsible portion is changed to a
small amount. That is, the scanning amount of the carriage
when the liquid supply pump is pressed against the contact on
the apparatus body is shortened.

Thus, the collapsible portion is controlled such that the
collapsible portion need not always be deformed maximally,
so that the negative pressure or load to the collapsible portion
is decreased and the lifetime of the liquid supply pump can be
longer.

In this case, the scanning amount of the carriage is short-
ened. Along with this, the carriage position stored in memory
as a state in which there is residual ink inside the main tank,
the first threshold amount, and the second threshold amount
are changed or corrected, so that determination of the ink-
empty state can be appropriately performed.

Next, a seventeenth embodiment according to the present
invention will be described with reference to FIG. 25. FIG. 25
is a flowchart of a residual ink amount detection operation
according to the seventeenth embodiment of the present
invention.

In the present embodiment, when an ink-empty state is
detected during the image forming operation (S91), the image
forming operation is interrupted (S92).

Then, the carriage 3 scans in the forwarding direction
(S93), and the liquid supply pump 5 is pressed against the
contact 101 on the apparatus body, to thus supply liquid
(S94). Thereafter, the carriage 3 scans in the returning direc-
tion (S95). Then, the carriage 3 scans in the forwarding direc-
tion (896), and the carriage position when the feeler sensor
103 detects the feeler 151 is detected (S97, S98).

Thereafter, whether or not the displacement amount of the
carriage position is larger than the second threshold amount is
determined (S99).

In this case, when the variation of the carriage position is
larger than the second threshold, it is determined that the ink
runs out (S100).

By contrast, when the variation of the carriage position is
not larger than the second threshold (NO in S99), it is deter-
mined that the ink nearly ends (S101), and the image forming
operation is resumed (S102).

Specifically, in the present embodiment, when the dis-
placement amount of the carriage position exceeds the second
threshold during the image forming operation and an ink-
empty state is detected, the image forming operation is inter-
rupted and whether the ink runs out or not is detected again.

This is a fail-safe operation to determine that the ink-end is
detected erroneously when the carriage scans and the feeler is
detected, due to effects of other image forming operation such
as vibration given to the carriage, and the like. With this
structure, a hasty replacement of the main tank with a new one
can be prevented even when the ink remains inside the main
tank due to an erroneous detection of an ink-empty state.

Next, an eighteenth embodiment according to the present
invention will be described with reference to FIG. 26. FIG. 26
is a flowchart of a residual ink amount detection operation
according to the eighteenth embodiment of the present inven-
tion.

In the present embodiment, first, the carriage position in a
state in which there is residual ink inside the main tank is
obtained and stored in memory (S111).

Then, the liquid supply pump 5 is pressed against the
contact 101 on the apparatus body 10, to supply liquid, and
the carriage 3 moves to scan in the returning direction (S112
to S114).
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Thereafter, the carriage 3 scans in the forwarding direction
(S115), and the carriage position when the fecler sensor 103
detects the feeler 151 is detected (S116, S117).

Then, whether or not the displacement amount of the car-
riage position is larger than the third threshold amount is
determined (S118).

In this case, when the variation of the carriage position is
larger than the third threshold (YES in S118), it is determined
that the sensor detection failure occurs (S122).

Specifically, if the ink inside the ink cartridge 4 gradually
diminishes, the position where the contracted bellows portion
51 returns an original shape is normally reduced gradually.
Based on the fact, when the ink gradually declines and the
bellows portion 51 changes with a gradually reducing change
amount, it is determined that the bellows portion 51 returns to
its original shape suddenly as in a state in which ink remains
by the carriage position detection operation.

Specifically, when the ink is not supplied to the bellows
portion 51, and the bellows portion 51 is negatively pressur-
ized and cannot return to its original shape, if the negative
pressure inside the bellows portion 51 is released to air by a
sudden hole happened to a surface of the bellows portion 51,
the bellows portion 51 returns to the original shape. There-
fore, when it is detected from the carriage position detection
that the bellows portion 51 returns to its original shape, it is
determined that the sensor detection failure occurs.

Herein, when the bellows portion 51 displaces in the direc-
tion opposite the direction (i.e., the restoring direction) in
which the bellows portion 51 is contracting, if the bellows
portion 51 displaces more than the third threshold being a
detection error range, it is determined that an abnormal opera-
tion occurs.

By contrast, when the variation is not larger than the third
threshold (NO in S118), whether or not the variation is larger
than the second threshold is determined (S119).

In this case, when the variation of the carriage position is
not larger than the second threshold (YES in S119), it is
determined that the sensor detects normally (S120).

By contrast, when the variation is larger than the second
threshold (YES in S119), whether or not the variation is
detected before the ink low is determined (S121).

If the variation is not detected before the ink low is deter-
mined (NO in S121), it is determined that the sensor detects
normally (S120). However, the variation is detected before
the ink low is determined (YES in S121), it is determined that
the sensor detection failure occurs (S122).

That is, by determining a displacement process of the car-
riage position when the feeler is detected, abnormal detection
of the carriage position and of the feeler sensor can be
detected.

For example, because it can be detected that the residual
amount inside the main tank is gradually reducing before the
ink runs out, if the variation of the carriage position exceeds
the second threshold is detected before detecting that the
variation of the carriage position exceeds the first threshold, it
means that a drastic change in the carriage position is
detected, so that it can be determined that the carriage posi-
tion detection error occurs.

In addition, from the carriage position when it is deter-
mined that there is the residual ink inside the main tank, when
the carriage position is detected in the direction opposite the
direction in which the ink residual amount is reducing, the
change in the displacement or variation is caused by the effect
of'vibration in the carriage scanning, or is larger than the third
threshold within the allowable detection error such as the
feeler sensor detection error, it can be determined that the
carriage position detection error occurs.
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Thus, by detecting the carriage position detection error, it
can be determined whether the collapsible portion of the
liquid supply pump is damaged, for example. That is, when
the collapsible portion of the liquid supply pump is damaged,
the collapsible portion contracted due to the liquid supply
operation returns to an original state in a short time of period
upon the air is drawn. Therefore, by observing the process
that the carriage position varies, damage to the liquid supply
pump can be detected.

With this structure, before critical damage occurs to the
image forming apparatus such as ink leakage from the liquid
supply pump, operation of the apparatus can be interrupted.

Inthe present application, the term “sheet™ is not limited to
paper materials, but also includes a OHP sheet, fabrics, glass,
board, and the like, on which ink droplets or other liquid can
be adhered. The term “sheet” includes a recorded medium,
recording medium, recording sheet, and the like. The term
“image formation” means not only recording, but also print-
ing, image printing, and the like.

Herein, the term “image forming apparatus” means an
apparatus to perform image formation by impacting ink drop-
lets onto various media such as paper, thread, fiber, fabric,
leather, metals, plastics, glass, wood, ceramics, and the like.
“Image formation” means not only forming images with let-
ters or figures having meaning to the medium, but also form-
ing images without meaning such as patterns to the medium
(and simply impacting the droplets to the medium).

Herein, the term “ink™ is not limited to so-called ink, but
means and is used as an inclusive term for every liquid such as
recording liquid, fixing liquid, and aqueous fluid to be used
for image formation, which further includes, for example,
DNA samples, registration and pattern materials and resins.

Theterm “image” is not limited to a plane two-dimensional
one, but also includes a three-dimensional one, and the image
formed by three-dimensionally from the 3D figure itself.

Further, the image forming apparatus includes, otherwise
limited in particular, any of a serial-type image forming appa-
ratus and a line-type image forming apparatus.

Additional modifications and variations of the present
invention are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
appended claims, the invention may be practiced other than as
specifically described herein.

What is claimed is:

1. An image forming apparatus comprising:

an apparatus body;

a printhead to discharge droplets;

a sub tank to hold aliquid to be supplied to the printhead for
discharge as droplets;

a carriage movable in a carriage scanning direction for
scanning, including the printhead and the sub tank;

a main tank to contain the liquid to be supplied to the sub
tank;

a liquid supply pump to supply the liquid from the main
tank to the sub tank;

a first liquid supply tube that connects the main tank to an
inlet portion, disposed at one end in the carriage scan-
ning direction, of the liquid supply pump; and

a second liquid supply tube that connects the sub tank to an
outlet portion, disposed at an opposite end opposite in
the carriage scanning direction to the one end, of the
liquid supply pump,

wherein a fluid resistance of the first liquid supply tube is
greater than a fluid resistance of the second liquid supply
tube, and

wherein the liquid supply pump includes a deformable
portion that shrinks and expands in the carriage scanning
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direction, by scanning movement of the carriage, to take
the liquid in from the main tank through the inlet portion
at the one end of the liquid supply pump and pump the
liquid out to the sub tank through the outlet portion at the
opposite end of the liquid supply pump, and the volume
of liquid supplied to the sub tank being greater than the
volume of liquid supplied to the main tank when the
liquid supply pump supplies the liquid to the sub tank.

2. The image forming apparatus as claimed in claim 1,
wherein the first liquid supply tube and the second liquid
supply tube have the same cross-sectional area in a direction
perpendicular to a direction of flow of the liquid, and the first
li(%)uid supply tube is longer than the second liquid supply
tube.

3. The image forming apparatus as claimed in claim 1,
further comprising a contact disposed on the apparatus body,
wherein the liquid supply pump is disposed on the carriage
and comprises a pressing portion configured to be pressed
against the contact,

wherein, when the carriage moves toward the contact, the

pressing portion of the liquid supply pump is pressed
against the contact, so that the deformable portion con-
tracts and an internal volume is reduced to expel the
liquid.

4. The image forming apparatus as claimed in claim 1,
further comprising a one-way valve, disposed in the second
liquid supply tube, to prevent the liquid from flowing from the
sub tank to the liquid supply pump.

5. The image forming apparatus as claimed in claim 1,
wherein the sub tank comprises a valve that opens when
pressure inside the sub tank exceeds a predetermined negative
pressure, and closes when the negative pressure inside the sub
tank decreases below the predetermined negative pressure.

6. The image forming apparatus as claimed in claim 1,
wherein the carriage moves to scan and the liquid supply
pump supplies liquid when image formation is not performed.

7. The image forming apparatus as claimed in claim 1,
wherein the carriage moves to scan and the liquid supply
pump supplies liquid after an image forming operation is
complete.

8. The image forming apparatus as claimed in claim 1,
further comprising a gauge that measures an amount of liquid
that the printhead discharges and consumes,

wherein the liquid supply pump supplies liquid when the

measured amount exceeds a predetermined threshold
amount.

9. An image forming apparatus comprising:

an apparatus body;

a printhead to discharge droplets;

asub tank to hold a liquid to be supplied to the printhead for

discharge as droplets;

a movable carriage for scanning, including the printhead

and the sub tank;

a main tank to contain the liquid to be supplied to the sub

tank;

a liquid supply pump to supply the liquid from the main

tank to the sub tank;

a first liquid supply tube that connects the main tank to the

liquid supply pump; and

a second liquid supply tube that connects the liquid supply

pump to the sub tank,

wherein a fluid resistance of the first liquid supply tube is

greater than a fluid resistance of the second liquid supply
tube, and

wherein the liquid supply pump includes a deformable

portion that shrinks and expands in a carriage scanning
direction, by scanning movement of the carriage, to take
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the liquid in and pump the liquid out, and the volume of
liquid supplied to the sub tank being greater than the
volume of liquid supplied to the main tank when the
liquid supply pump supplies the liquid to the sub tank;

a feeler disposed on the deformable portion of the liquid

supply pump; and

a feeler sensor to detect the feeler, disposed on the appara-

tus body, wherein

an amount of liquid remaining inside the main tank and still

available to be supplied from the main tank is detected
from a variation in carriage position detected when the
feeler sensor detects the feeler.

10. The image forming apparatus as claimed in claim 9,
wherein the feeler sensor detects the feeler after the liquid
supply pump supplies the liquid to the sub tank.

11. The image forming apparatus as claimed in claim 9,
further comprising a contact disposed on the apparatus body,
wherein the liquid supply pump is disposed on the carriage
and comprises a pressing portion configured to be pressed
against the contact,

wherein the feeler sensor is disposed on the apparatus body

at a position where the feeler sensor can detect the feeler
before the pressing portion of the liquid supply pump
presses against the contact on the apparatus body as the
carriage moves to scan in the carriage scanning direction
in which the liquid supply pump supplies the liquid to
the sub tank.

12. The image forming apparatus as claimed in claim 9,
further comprising a memory device in which to store the
carriage position when the feeler sensor detects the feeler
when the carriage is moved to scan in the carriage scanning
direction which is parallel to a direction in which the liquid
supply pump supplies liquid,

wherein a difference between the carriage position stored

in the memory device and a carriage position detected
when the feeler sensor detects the feeler during image
formation by the image forming apparatus defines the
variation in carriage position.

13. The image forming apparatus as claimed in claim 12,
wherein, after the carriage position when the feeler sensor
detects the feeler is detected and stored in the memory device,
the carriage position is detected a predetermined number of
times and the detected carriage positions are stored in the
memory device,

wherein, upon determining that a maximum change

amount of the carriage position detected by the prede-
termined number of times is less than a predetermined
first threshold amount corresponding to a liquid-low
status, any one of the carriage positions stored in the
memory device is set as a carriage position in which
there is residual liquid inside the main tank, and a dif-
ference between the any one of the carriage positions
stored in the memory device in a state in which there is
residual liquid inside the main tank and the carriage
position detected when the feeler sensor detects the
feeler during image formation defines the variation in
carriage position.

14. The image forming apparatus as claimed in claim 13,
wherein, when a displacement amount between the carriage
position stored in the memory device and the carriage posi-
tion detected when the feeler sensor detects the feeler is larger
than a predetermined second threshold corresponding to a
liquid-empty status, it is determined that the residual liquid
inside the main tank ends, and when the displacement amount
is larger than the predetermined first threshold, less than the
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second threshold, corresponding to the liquid-low status, it is
determined that the residual liquid inside the main tank nearly
ends.

15. The image forming apparatus as claimed in claim 14,
wherein, if the variation between the carriage position stored
in the memory device and the carriage position when the
feeler sensor detects the feeler during the image formation is
larger than the predetermined second threshold correspond-
ing to the liquid-empty status, it is determined that there is no
residual liquid inside the main tank.

16. The image forming apparatus as claimed in claim 12,
further comprising a temperature/humidity sensor to detect
temperature and humidity,

wherein readings are stored in the memory device when the

feeler sensor detects the feeler, and when a variation
from the stored in the memory device is larger than a
predetermined threshold, a carriage position in a state in
which there is residual liquid inside the main tank is
detected again and stored in the memory device.
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17. The image forming apparatus as claimed in claim 12,
wherein a carriage position when there is residual liquid
inside the main tank is stored in the memory device in relation
to moving speed of the carriage.

18. The image forming apparatus as claimed in claim 13,
wherein, when a contraction amount of the deformable por-
tion of the liquid supply pump is changed, the first threshold
amount and the second threshold amount are changed.

19. The image forming apparatus as claimed in claim 14,
wherein, when it is determined that the liquid runs out during
an image forming operation, the image forming operation is
interrupted and an operation to determine whether or not the
liquid runs out is performed by detecting the carriage position
again.

20. The image forming apparatus as claimed in claim 13,
wherein, when it is detected that the variation is larger than
the second threshold before determining that the variation is
larger than the first threshold, it is determined that an abnor-
mal operation occurs.
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